The bacterioneuston is the community of Bacteria present in surface microlayers, the 20 thin surface film that forms the interface between aquatic environments and the 21
INTRODUCTION
fundamental role in regulating transport processes between the ocean and the 48 atmosphere (26) and are often referred to as the neuston (28, 31). For over 25 years it 49 has been hypothesised that the sea surface microlayer is a hydrated gelatinous layer 50 (40) that contains surface active organic compounds such as carbohydrates, proteins, 51 lipids and humic substances, in relatively high concentrations (17, 45, 48) . Recently, 52
gel-like transparent expolymer particles (TEP) have been shown to be enriched in the 53 surface microlayer, supporting the concept of a gelatinous interfacial layer (46) . 54
Bacteria present in surface microlayers or the neuston are regarded as the 55 bacterioneuston. There are relatively few studies which have directly compared the 56 community structure of the bacterioneuston with that of the cognate subsurface 57 (bacterioplankton) in the marine environment. Analysis of Bacteria 16S rRNA gene 58 clone libraries constructed using DNA isolated from surface microlayer and 59 subsurface water (<1 m) samples from the North Sea revealed that the bacterioneuston 60 was dominated by two operational taxonomic units which accounted for 81% of 61 clones analysed (13). Community structure profiling using denaturing gradient gel 62 electrophoresis (DGGE) of the bacterioneuston at three sites around Oahu Island in 63 the Pacific Ocean showed that the bacterioneuston forms consistent and distinctusing Archaea 16S rRNA gene DGGE analysis did not show the same surface 66 microlayer-specific response, indicating that Bacteria and Archaea respond to their 67 environment in fundamentally different ways in the neuston (7). 68
Other studies, have however, reported no consistent differences between the 69 bacterioneuston and the bacterioplankton. Samples collected from two separate sites 70 in the Mediterranean Sea were analysed using single strand conformation 71 polymorphism (SSCP) of Bacteria 16S rRNA genes (1) . The authors did not report 72 any significant differences between the surface microlayer and subsurface samples 73 using this community profiling method. 74
Non-marine studies of the bacterioneuston and Archaea communities in 75 estuarine (10) and freshwater (5, 19) environments have also shown distinct microbial 76 community structures present in the surface microlayer compared to those in 77 subsurface water ≤ 1 m below. 78
Recurring phytoplankton blooms are a key feature of coastal waters and 79 strongly influence bacterioplankton community structure and succession (4, 14, 38) . 80
Phytoplankton blooms stimulate the bacterioplankton by the release of dissolved 81 organic matter (22) or affect bacterioplankton negatively by direct competition for 82 resources (6). Bacterioplankton community structure may also be influenced by 83 grazing flagellates or viral lysis (47) . 84 Mesocosm experiments have been used to study plankton ecology for many 85 decades (33). Mesocosms facilitate study of the effects of key environmental 86 parameters, such as temperature, on plankton communities and allow the succession 87 of natural plankton communities that resemble those found in the marine environment 88 (11). The enclosed water mass means that experiments can be designed which 89 manipulate physicochemical parameters to observe biological effects. Furthermore, 90
with replicated mesocosms, the data collected can be analysed with statistics 91 rigorously. In this study we monitored the dynamics of the bacterioneuston and the 92 bacterioplankton in mesocosms of fjord surface water during an artificially induced 93 phytoplankton bloom, comparing bacterial abundance and bacterial community 94 structure in the surface microlayer and subsurface water. 95 water surface using forceps and left for 10 sec before being removed and stored in 2 125 mL screw cap tubes at -20°C. 126
127

Dissolved inorganic nutrients 128
Subsurface water samples were filtered (Sterivex™-GS; pore size 0.2 µm; Millipore) 129 before being stored in polyethylene vials at -20°C until nitrate, nitrite, phosphate and 130 silicate were determined using standard segmented flow analysis with photometric 131 procedures (18). weighed before and after analysis to determine sample volumes aspirated during the 149 sample analysis and internal 0.49 µm reference beads were used to account for flow 150 and machine drift. All analysed samples were exported as listmode files and analysed 151 using Cyflogic to gate major populations and calculate absolute cell concentrations 152 from aspirated volumes. 153
154
Extraction of DNA for bacterial community structure analysis 155 DNA was extracted from subsurface, mesh screen and membrane samples collected 156 on day two, day five and day ten. DNA was extracted from three control mesocosms 157 (replicates A, E and K) and three nutrient amended mesocosms (replicates B, F and L) 158 ( Figure 1B) . DNA was extracted in a sucrose buffer using lysozyme, proteinase K, 159 SDS and phenol-chloroform as described by Cunliffe et al (2008) . The resuspended 160 DNA was quantified using a spectrophotometer (ND-1000; NanoDrop™) before all 161 DNA samples were diluted to a concentration of 30 ng.µl analysis of subsurface and surface microlayer DNA samples is shown in Figure 4 . On 294 day two, the samples collected from the subsurface and from the surface microlayer 295 using the mesh screen clustered closely together relative to the surface microlayer 296 progressed, this pattern changed drastically. At day five, samples from the subsurface 298 showed a distinct cluster that was separate from the mesh screen samples. As with day 299 two, the membrane collected surface microlayer samples remain distinct from the 300 subsurface samples. Near the end of the experiment on day ten, bacterial community 301 structure in the samples collected with the mesh screen clustered with the samples 302 collected with membranes and not subsurface water samples. Ordinance analysis of 303 the T-RFLP data in this experiment showed no evidence of bacterial community 304 structural differences as a result of the induced phytoplankton bloom (Figure 4) . 305 DGGE analysis of the bacterial community structures showed similar results 306 to the T-RFLP analysis. At day two, subsurface and mesh screen-collected samples 307
were similar and membrane-collected samples showed some differences ( Figure 5) . 308
This was less pronounced with DGGE than with T-RFLP at day 2. By day five, the 309 membrane collected-samples were distinctly different compared to mesh screen and 310 subsurface samples, forming a separate clade in the dendrogram. Also at day five, 311 some mesh screen collected-samples were different to their associated subsurface 312 samples. By day ten, both the membrane-and mesh screen collected-samples were 313 distinctly different from the subsurface samples, corroborating the results from the T-314 RFLP analysis. As with the T-RFLP analysis, DGGE analysis confirmed that the 315 bacterial community structures were not affected by the phytoplankton bloom. 316
Five relatively dominant DGGE bands from the surface microlayer samples 317 were excised and sequenced ( Figure 5 ). All five DGGE band DNA sequences were 318 very similar (≥ 98%) to 16S rRNA gene sequences from isolated bacterial strains 319 (Table 1) . DGGE bands 1 and 2 were identical to the 16S rRNA gene sequence of 320 Ocean studies the bacterioneuston community structure was distinct compared to that 364 of the bacterioplankton 1 m below the surface (7, 13). Conversely, the Mediterranean 365 Sea study reported no consistent differences between communities (1). 366
Dokdonia donghaensis PRO95 (FJ627052) and
The method of surface microlayer sampling is important in the study of the 367 bacterioneuston (7). Even though the sea surface microlayer is considered the top 1 368 mm of the ocean, it is operationally defined by sampling depth (26). We used a mesh 369 screen (sampling depth ~400 µm) and membranes (sampling depth ~ 40 µm) to 370 determine bacterial community structure. Previous comparison of membrane-371 collected and mesh screen-collected samples from an estuarine surface microlayer 372
showed samples collected using a mesh screen under-represent the bacterioneuston 373 because samples also contain subsurface water, therefore "diluting" the 374 bacterioneuston sample (7). In this study, at the start of the experiment, the meshscreen-collected bacterial community structures were more similar to the subsurface 376 (bacterioplankton) than to the membrane-collected samples (bacterioneuston). This 377 however changed during the experiment with mesh screen-collected samples 378 becoming more similar to the membrane-collected samples (Figures 4 and 5) . This 379 indicated an enrichment effect in the surface microlayer, causing the bacterial 380 communities sampled using the mesh screen to change from bacterioplankton-like to 381 bacterioneuston-like during the experiment. 382
The proposed enrichment of the surface microlayer and bacterioneuston may 383 be due to the physical nature of the mesososms used in this experiment. Even though 384 the mesocosms were mixed continuously they were calmer than the open fjord. 385
Examination of surface microlayer samples offshore of Barcelona showed, that under 386 calm conditions (low wind speed and cloudless skies) the enrichment of several 387 parameters in the surface microlayer, including heterotrophic Bacteria counts, 388 chlorophyll-a and suspended particle matter, increasing substantially (23), supporting 389 our observations in the mesocosms. 390
The methodological approaches used to compare the community structure of 391 the bacterioneuston and the bacterioplankton can also influence data interpretation. samples. In this study we also included changes in relative abundances (T-RFs and 399 using relative abundances versus comparisons made using absence/presence data may, 401 in part, account for the conclusions of Agogue et al (2005) . 402
In this study, bacterial community structure dynamics in each mesocosm were 403 synchronous, showing consistent patterns between replicates (Figures 4 and 5) . The 404 bacterioneuston communities at two sites on either side of Oahu Island were more 405 similar to each other than to their cognate subsurface water bacterioplankton 406 communities just 0.4 m below, also indicating non-random assembly of the surface 407 microlayer community (7). Synchronicity of discrete bacterial communities, although 408 poorly understood, is very important, as concordant community dynamics suggests 409 the community structure patterns that emerge are controlled and are not random (24). 410 Therefore, if the bacterioneuston community structure is controlled by the 411 environment and is not random, as our data suggest, then the sea surface microlayer is 412 indeed an important ecological zone of the water column. 413
Five dominant DGGE bands in the surface microlayer were sequenced and 414 identified ( Figure 5 and Table 1 microlayer sampled using a mesh screen (MS) and polycarbonate membranes (PC).
Beside each DGGE profile is the associated UPGMA dendrogram showing the similarity of the lanes in the DGGE profiles. The arrows show which DGGE bands were excised and sequenced (Table 1) .
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